The present study was conducted at the Experimental Farm and the in 2014/2015 season. The objectives of this investigation were to study salinity effect on different nine bread wheat cultivars, to identify salt tolerance in several growth stages, and to identify salt tolerance screening criteria by studying the relationship between wheat yield under salt affected soil and several growth stages characters. Three experiments were conducted in 2014/2015, i.e., seedling test in the lab (open area), adult plant evaluation in pots in open area and field experiment in normal soil and salt affected soil. Salinization in seedling and pots experiments was established using five levels of Mediterranean Sea water to tap water mixtur (0, 26, 29, 31,33and 35% sea water) which established EC 0.48, 13.5, 15.0, 16.0, 17.0 and 18.0 dSm -1 , respectively. The nine cultivars Misr 1, Misr 2, Giza 139, Giza 144, Gemmeiza 9, Gemmeiza 3, Hindi 62, Sids1 and Sids 12 were used. Results indicated that increasing salt concentrations caused significant decrease in shoot dry weight, shoot length, root dry weight, root length and emergence index at seedling stage; plant height, biological yield, grain yield, straw yield, number of kernels per spike and kernel weight at adult plant stage; however, shoot root dry weight ratio at seedling stage was increased. The variances due to salt treatments had the major portion of total variance, indicated the large effect of salt stress on growth characters compared to genotypes and genotypes × salt concentration interaction's variances. The treatment 33% sea water mix (17dSm -1 ) seems to be suitable for screening the studied cultivars for salt tolerance. The large variance among the nine cultivars for shoot length, emergence index and shoot-root dry weight ratio under salt stress indicated the importance of these characters in studying the effect of salt stress at seedling stage. Strong and positive correlations were found between biological yield (under salt affected soil) and each of emergence index and shoot length at seedling stage; number of spike per pots, biological and straw yields per pot at adult-plant stage. Based on stress tolerance index, out of the nine studied cultivars, Misr 2 can be classified as salt tolerant cultivar and Gemmeiza 3 and Sids 12 as salt sensitive cultivars. Kewords: Bread wheat, Salinity stress, seedling and adult-plant salt tolerance.
INTRODUCTION
Wheat is moderately tolerant to salt with threshold without yield loss at 6 dSm -1 and with yield 50% loss at 13 dSm -1 (Mass and Hoffiman, 1977) . Approximately 7% of the world's total land area is affected by salinity (Flowers et al., 1997) . The saline area increases by 10% per year all over the world (Ponnamieruma, 1984) . Salinity is a major constraint to food production because it limits crop yield and restricts use of land previously uncultivated. In Egypt, 33% of cultivated area suffer severe salinity problems (Ghassemi et al., 1995) . The Egyptian Government has spent large sums on reclamation, mainly on drainage projects (more than US$ 30 million annually) to solve salinity problems in irrigated area, but the annual average net income from crops grown with drainage system is more limited than for those grown without drainage system (Amer et al., 1989) . Therefore, genetic improvement for salt tolerance particularly in major crops has become an urgent task in dealing with salinity problems in the Egyptian agriculture sector, because this approach is less expensive for poor farmers than others. Regardless of the fact that irrigation waters and agricultural soil solutions are comprised of multiple combinations of cations and anions, the shortcomings of salinity experiments use NaCl as the sole salinizing salt reported by Lazof and Bernstein (1999) . So, many researchers used levels of diluted sea water as salinized treatments (Abdelsalam, 2012 , Aldesuquy et al., 2012 and Almaghrabi, 2012 . Breeding for salt tolerance is a difficult and slow progress due to a combination of many factors: changes in salt tolerance with different growth stages; the large number of physiological parameters that contribute to salt tolerance; lack of effective evaluation methods for salt tolerance among genotypes; low selection efficiency using multiple parameters; the complex interactions of salinity and environment on salt tolerance of plants. Therefore, wheat breeder could use simple, quick and nondestructive screening methods to develop salt tolerant wheat genotypes (El-Hendawy 2004) . The objectives of this investigate are to 1) Estimate the salinity effect on nine bread wheat cultivars at several growth stages, 2) Identify salt tolerance cultivars at several growth stages, and 3) Identify salt tolerance screening criteria by studying the relationship among yield of salt affected soil and several growth stages characters.
MATERIALS AND METHODS.
The present study was conducted in the Experimental Farm and the Laboratories of Wheat Research Department and Soil Research Department of Sakha Agricultural Research Station, Agricultural Research Center, Kafrelsheikh, Egypt, in 2014 /2015 season. This study includes nine Egyptian bread wheat cultivars (Table 1) . SD7096-4SD-1SD-1SD-0SD.
Egypt 2007
Three experiments were established, the first one was established in the laboratory (open area) in order to study the effect of salinity on seedling emergence and seedling characters. In the fourth of March 2014, the seeds of the studied cultivars (12 seeds / cup and 1.5 cm sown depth) were grown in the 6.5 x 13 cm plastic cups, with three drain pores, filled with 600 g of tap water washed sand. Salt stress treatments were induced using diluted sea water. In this respect, six salt concentrations were used (Table 2 ). The experiment was irrigated every three days with abundant amount of solutions (100 ml per cup) to avoid salt accumulation. The salt stress was applied from the first day of the experiment. All treatments, nine cultivars and six salt concentrations, were arranged in factorial experiment in completely randomized design with three replicates. Seeds were considered emerged when the tip of coleoptile appears on the sand surface. The emerged seedling was counted daily after four days from sowing. Speed of seedling emergence was estimated by the formula described in the Association of Official Seed Analysis (AOSA, 2004) with some modification, Emergence index = [(No of emerged seed / Days of first account) + …+ (No of emerged seed / Days of final account)]. Measurements at the seedling stage were conducted at 21 days after sowing. Ten plants from each cup were harvested and the distance from crown to the highest leaf tip was measured as shoot length. The roots were carefully extracted from the sand by mild washing with tap water. The roots were placed above blotter paper for 10 minutes and the distance from crown to the end of longest root was measured as root length. The samples of shoots and roots were dried at 70 ºC for 48 h to determine the dry weight of shoots and roots and its ratio.
The second experiment (pots) was carried out in order to study the effect of salinity stress on adult plant stage. In the 18 th November 2014, the seeds of the studied cultivars (10 seeds / bag and 1.5 cm sown depth) were grown in the 30 x 40 cm black plastic bag, with drain pores, filled with 16 kg of sand washed with tap water. After two weeks (completely germination) only six seedlings were left in each pot. The experiment was irrigated (one litter per pot) twice a week and fertilized until heading date using the NPK, 20:10:20 multinutrient fertilizer (0.5 g / pot / week) added to irrigation solution. Chelating microelements FULV-E contain 5% N, 4% K 2 O, 4% Fe, 1.2 % Mn, and 0.6% Zn, 0.2% Cu, 5% Mg, 02% B, 6% citric acid and 8% Fulvic acid (3 cm / L) were sprayed every week. The experiment was protected using the fungicide CABRIO TM TOP 60%WG (1g/ L). Two salt stress treatments (control and 17.0 dSm -1 , Table 2 ) were applied 35 days after sowing until physiological maturity. All treatments, nine cultivars and two salt concentrations, were arranged in factorial experiment conducted in completely randomized design with two replications. The studied characters in the second experiment (pots) were plant height (cm), biological yield (g), grain yield (g), straw yield (g), number of spikes per pot, number of kernels per spike, one hundred kernel weight(g).
The third experiment was conducted in order to study the effect of salinity stress under field condition and to study the relationship among yield under salt affected soil and seedling and adult plant stage characters (normal soil, seedling and pots). This experiment was applied in two environments at the Experimental Farm of Sakha Agricultural Research Station; normal soil at 2 nd Nattaf farm part 8 and salt affected soil at El-Hamrawy farm part 18 (Table 3) . The nine cultivars were arranged in a randomize complete block design experiment with three replications. Plot area was 2.7m 2 (6 rows × 3m long × 0.15m apart). All recommended cultural practices (irrigation, fertilization, weed control, fungicides) were applied at the proper time. The studied characters were plant height (cm), biological yield (kg), grain yield (kg), straw yield (kg), number of spikes per square meter, number of kernels per spike and one thousand kernel weight (g). Salinity tolerance were estimates using the formula described by Fernandez (1992) : Stress tolerance index (STI) = [ ] where: YP is the potential yield of a given genotype in non-stress environment, Ys = the potential yield of a given genotype in stress environment and = mean yield in non-stress environment. The high STI value, the high stress tolerance genotype. The statistical analysis procedure was according to the regular analysis of variance of completely randomized design (CRD) and complete block design (RCBD). The differences between means were measured using least significant differences (LSD) test at 0.05 probability level. Simple correlation was used to calculate the relationship among yield under salt affected soil and seedling and adult plant stage (normal soil, seedling and pots experiment) characters. In this respect, the statistical computer program Gen-Stat 14 th edition was used.
RESULTS AND DISCUSSION

Seedling experiment
The analysis of variance of the studied characters at seedling stage showed highly significant differences among the nine bread wheat studied cultivars, the six salinity concentrations and their interaction for all studied characters (Table 4 ). The variance due to salinity concentrations had the main portion of the total variance compared with cultivars and cultivars × salinity concentrations interaction variance. These results are in agreement with those obtained by El-Hendawey (2011) and Hussain et al., (2015) . Coefficient of variation estimates ranged from 12.3% for shoot-root dry weight ratio to 18.2% for shoot dry weight (Table 4) . The effect of salinity concentrations on all studied characters at seedling stage are illustrated in Figure 1a and b. Increasing salt concentration led to significant decrease mean values of shoot length, root length, shoot dry weight, root dry weight and emergence index. In contrary, increasing salt concentration led to increase of shoot-root dry weight ratio. This may be due to antagonism between cations, anions of salts and cations, anions of the nutrients i.e., Cland NO 3 -, Na + and K + , in addition to specific effects of some cations like Na + . Almaghrabi (2012) reported that increasing salt concentration from 0.0 to 8704 ppm caused significant decreases in shoot and root length and increased shoot-root ratio. No significant differences were found between the two salt treatments 26 and 29% for all studied characters and between the two salt treatments 33 and 35% for all studied characters, except shoot length (LSD = 0.351) and emergence index (LSD, 0.545) ( Figure 1b ). These results showed that the salinity level of the sea water mix percent 33% (17.0 dSm -1 ) is suitable for screening bread wheat genotypes for salinity at adult plant stage. This may be due to EC above 13 dSm -1 affects the tolerant cultivar which helps in for screening wheat genotypes. These results are in agreement with Sharma (2015) who reported that seedling growth response to salinity ranged from stimulation in some cultivars at lower salinity levels (4 to 8 EC) to severe suppression in most cultivars at higher levels ( 12-16 EC) and the 12 EC considered as critical salt concentration. .
Fig 1a and b: Sea water mix percent effects on root dry weight and shoot dry weight (a) and shoot root dry weight ratio, root length, shoot length and seedling emergence index (b) at seedling stage.
The effect of cultivars on all studied characters at seedling stage are illustrated in Figure 2a The interaction between salt treatments and cultivars for shoot dry weight, root dry weight and shoot-root dry weight ratio are illustrated in Figure 3 .
The nine studied cultivars differed in their response to salinity concentrations. For shoot dry weight, Figure 3 The interaction between salt treatments and cultivars for root length, shoot length and emergence index are illustrated in Figure 4(a, b and 636) . Generally, among the studied characters shoot length, shoot root dry weight ratio and emergence index had wide variability under salt stress and it may be used for detection salt tolerant genotype. Sharma (2015) reported that shoot growth often suppressed more than root growth under 12 dSm -1 salt concentration. Fig. 3 a, b , and c : Interaction between the studied bread wheat cultivars and sea water mix percent for shoot dry weight (a), root dry weight (b) and shoot root dry weight ratio (c).
Pots experiment
Regarding pots experiment, highly significant differences were found among the nine studied bread wheat cultivars for the studied characters ( Table 5 ).The mean square of salt treatments was highly significant for all studied characters, except number of spikes per pot. While significant and / or highly significant differences were found for cultivars × salt treatments interaction mean square for all studied characters, except grain yield and number of kernels per spike ( Table 5 ). The salt treatments variance had the main portion of the total variance compared with cultivars and cultivars × salt treatments interaction for all studied characters except number of spikes per pot. Coefficients of variation estimates ranged from 4.3% for plant height to 11.0% for number of kernels per spike (Table 5 ).
The effect of salt treatment on the studied characters of the pot experiments are illustrated in Table 6 . Salt treatments led to significant decrease in plant height, grain yield, biological yield, straw yield, number of kernels per spike and one hundred kernels weight. While, number of spikes per pot was not affected by salt treatments. This may be due to salinity effect on the plant by one or more of decreasing water availability, nutrients imbalance and specific ion effect. These results agree with those obtained by Kumar et al. (2012) who reported that increasing salinity levels causes significantly decreases in grain yield, biological yield and one thousand kernels weight. Asli and Zanjan (2014) reported insignificant interaction for number of kernels per spike with salinity levels. Nasab et al. (2014) found insignificant interaction for number of spikes per square meter, one thousand kernels weight and grain yield with salinity. Fig. 4 a, b , and c: Interaction between the studied bread wheat cultivars and sea water mix percent levels for root length (a), shoot length (b) and seedling emergence index(c) at seedling stage. The effects of cultivars on the studied characters of the pot experiment are illustrated in Table 7 . In this respect, the highest mean values were recorded for the bread wheat cultivars Hindi 62 for plant height; Giza 144 for grain yield and number of spikes per pot; Misr 2 for biological yield and straw yield; Sids 12 for number of kernels per spike; Gemmeiza 3 for one hundred kernels weight. While the lowest mean values were recorded for the bread wheat cultivars Misr 1 for plant height; Giza 139 for grain yield; Sids 12 for biological yield, straw yield and number of spikes per pot; Giza 144 for number of kernels per spike; Misr 2 for one hundred kernels weight. Varying bread wheat genotypes for salinity response was reported by many researchers such as El-Hendawey et al. (2011) , Hussain et al. (2015) and Sharma (2015) . The interaction between cultivars and salt treatments for the studied characters are illustrated in Table 8 . Under normal condition, high mean values recorded for the bread wheat cultivars Hindi 62 for plant height; Sids 12 for grain yield and number of kernels per spike; Misr 2 for biological yield and straw yield; Gemmeiza 3 for one hundred kernels weight. While the highest mean values under salt treatments recorded for the bread wheat cultivars Hindi 62 for plant height and straw yield; Giza 144 for grain yield; Sids 12 for biological yield and number of kernels per spike; Gemmeiza 3 for one hundred kernels weight. The lowest mean values under normal condition were recorded for the bread wheat cultivars Misr 1 for plant height and grain yield; Sids 12 for biological yield and straw yield; Giza 144 for number of kernels per spike, Misr 2 for 100 kernels weight. The least differences between normal and salt treatment conditions were found in the bread wheat cultivar Sids 1 for plant height; Misr 1 and Giza 144 for grain yield; Hindi 62 for biological yield; Sids 1, Sids 12 and Hindi 62 for straw yield; Gemmeiza 3 for number of kernels per spike; Giza 144 for one hundred kernel weight. In contrast, the largest differences between normal and salt treatment conditions were found in the bread wheat cultivars Giza 139 for plant height, biological yield and straw yield; Sids 12 for grain yield and one hundred kernel weight; Hindi 62 for number of kernels per spike. 
Field experiment
Regarding to field experiment, the analysis of variance of the studied characters are illustrated in Table 9 .Significant differences were recorded for all the studied characters among the two environments (normal and salt affected soil), cultivars and their interaction except for number of spikes per square meter and number of kernels per spike for the environments; spikes per square meter for differences among cultivars; number of kernel per spike and one thousand kernels weight for differences due to cultivars × environments interaction (Table 9 ). The environments variance had the main portion from the total variance for plant height, grain yield, biological yield and straw yield (Table 9 ). The effect of environments on the studied characters of the field experiments is illustrated in Table  10 . Salinity stress caused significantly decrease in plant height, grain yield, biological yield, straw yield and one thousand kernels weight. Meanwhile, number of spike per square meter and number of kernels per spike not affected by salinity stress (Table 10 ). The effects of cultivars on the studied characters of the field experiment are illustrated in Table 11 . The bread wheat cultivars Hindi 62 and Giza 144 had the highest mean value for plant height; Misr1 and Misr 2 for grain yield; Misr 2 for biological yield; Gemmeiza 9, Giza 144, Sids 1 and Misr 2 for straw yield; Misr 1, Gemmeiza 9, Sids 12 and Misr 2 for number of kernels per spike; Gemmeiza 3 for one thousand kernels weight.
On the other hand, the lowest mean values were recorded for the bread wheat cultivar Sids 12 for plant height; Hindi 62 for grain yield; Sids 12, Gemmeiza 3 and Hindi 62 for biological yield; Misr 1, Sids 12 and Gemmeiza 3 for straw yield; Giza 139, Giza 144, Gemmeiza 3 and Hindi 62 for number of kernels per spike; Gemmeiza 9, Sdis 1 and Misr 2 for one thousand kernels weight. The interaction between cultivars and environments (normal and salt affected soil) and decrease percent for the studied characters are illustrated in Table 12 . Under normal condition, the highest mean values were recorded for the bread wheat cultivars Hindi 62 and Giza 144 for plant height; Misr 2 for grain yield; Gemmeiza 9 and Misr 2 for biological yield; Misr 2 and Hindi 62 for number of spikes per square meter. While the highest mean values under salt affected soil recorded for the bread wheat cultivars Hindi 62 and Giza 144 for plant height; Misr 1, Misr 2 and Giza 144 for grain yield; Giza 144, Giza 139, Misr 1, Misr 2 and Sids 1 for biological yield; Giza 144 and Misr 2 for number of spikes per square meter. The lowest mean values under normal condition recorded for the bread wheat cultivar Sids 12 for plant height; Hindi 62 for grain yield; Gemmeiza 3, Sids 12 and Hindi 62 for biological yield; all studied cultivars except Hindi 62 and Misr 2 for number of spikes per square meter; Misr 2 for one thousand kernels weight. While the lowest mean values under salinity affected soil recorded for the bread wheat cultivars Misr 1 Gemmeiza 9, Gemmeiza 3 and Sids 12 for plant height; Sids 12 for grain yield; Gemmeiza 3 and Sids 12 for biological yield; all studied cultivars except Giza 144 for number of spikes per square meter. From the data presented in Table 12 , it can be classified the studied cultivars into three groups. The first group was low yield potential (under normal condition) cultivars with low grain yield decrease percent under salt affected soil such as Giza 139, Giza 144 and Hindi 62 (-17, 3 and 8% respectively), it may be due to low effect of salinity stress on number of kernels per spike and one thousand kernels weight and it may be consider as genetic resources for salinity tolerance in breeding program. The second one was high yield potential cultivars with moderate grain yield decrease percent under salt affected soil such as Misr 2, Misr 1 and sids 1 (31, 21 and 14% respectively), these cultivars may be recommended for wheat production under salt affected soil. The third group was high yield potential cultivars with high grain yield decrease percent under salt affected soil such as Gemmeiza 3, Gemmeiza 9 and sids 12 (39, 40 and 51% respectively) it may be consider as salinity sensitive cultivars.
Stress tolerance index (STI)
The stress tolerance index estimates based on shoot dry weight at seedling, biological yield of pots and salt affected soil for the nine studied cultivars are illustrated in Table 13 . High estimates of stress tolerance index values based on shoot dry weight (seedling stage) were recorded for the bread wheat cultivars Misr 2, Gemmeiza 9, Hindi 62, and Giza 139, while low estimates for the others. High estimates of stress tolerance index (STI) values based on biological yield (the pot experiment) were recorded for cultivars Misr 2, Gemmeiza 9, Hindi 62, and Giza 144. While high estimates of STI values based on biological yield (the salt affected soil) were recorded for Misr 2, and Giza 144. These result indicated that salinity tolerance depending on the cultivars and growth stage. Based on STI estimates at seedling and adult plant stages, the studied cultivars could be divided to four groups. The first group, cultivar (Misr 2) was salt tolerant at both seedling and adult plant stages. The second group, cultivars (Gemmeiza 3 and Sids 12) were salt sensitive at both seedling and adult plant stages. The third group, cultivars (Misr 1, Sids 1 and Giza 144) were salt sensitive at seedling stage but tolerant at adult plant stage. The forth group, cultivars had varying degrees of tolerance and or sensitivity at seedling and adult plant stages.
Correlation
The correlation among each of biological, grain and straw yields under the salt affected soil condition and the studied characters under the normal soil and at 33% sea water mix treatments (seedling and pot experiments) are illustrated in Table 14 . Biological yield of the salt affected soil had significant strong positive relationship with each of seedling emergence index and shoot length (for the seedling experiment); number of spikes per pot, straw yield per pot and biological yield per pot (for the pots experiment) and straw yield (for the normal soil experiment). While, significant weak correlation recorded with number of kernels per spike (for the pot experiment). Regarding to grain yield under the salt affected soil condition, significantly strong positive correlation were found with each of number of spike per pots in pots experiment and biological yield under the normal soil condition, but negative correlation were found for number of kernels per spike for the pot experiment. Straw yield of the salt affected soil had significant strong positive correlation with each of seedling emergence index and shoot length for seedling experiment; number of spikes per pot, straw yield per pot and biological yield per pot for the pot experiment; plant height and straw yield for the normal soils experiment. While, significant negative correlation recorded for number of kernels per spike for the pot experiment. Generally, the bread wheat genotype with the high emergence speed (emergence index) and shoot length at seedling stage and high number of spikes per pot, biological and straw yield per pot at adult stage may be had good performance at the salt affected soil. El-Hendawy et al. (2011) found highly significant correlation between grain yield per plant and shoot parameters (height and dry weight of shoot) at seedling stage. Hussain et al. (2015) reported that shoot parameters had comparatively stronger correlations than root parameters. 
CONCLUSION
Generally, testing the nine bread wheat cultivars at seedling and adult plant stages against salinity stress resulted in significant decreases in most seedling and adult plant characters. Increasing salt concentrations causes significant decrease in shoot dry weight, shoot length, root dry weight, root length and emergence speed (emergence index), plant height, biological yield, grain yield, straw yield, number of kernels per spike and mean kernel weight and increase shoot-root dry weight ratio. The variances due to salt treatments had the major portion of total variance, indicated the large effect of salt stress on growth characters compared with genotype and genotype × salt concentrations interaction variances. The salt concentration 33% sea water mix is not destructive and caused large variation among the studied cultivars so, it can be used for screening wheat cultivars for salt tolerance. The large variance among the nine cultivars for shoot length, emergence index and shoot-root dry weight under salt stress indicated the importance of these characters in studying the effect of salt stress on bread wheat genotypes at seedling stage. Strong and positive correlation were found between biological yield under salt affected soil and emergence index and shoot length at seedling stage; number of spike per pot, biological and straw yield per pot at adult stage. Based on stress tolerance index, of the nine studied cultivars, Misr 2 was salt tolerant while Gemmeiza 3 and Sids 12 were salt sensitive cultivars.
